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wherein R 1 is independently H alkyl. aryl. an aryl alkyl, alkenyl or one or more additional saccharide residues; 
R 2 m H or OH provided that when R 2 is H, R 3 is OH; 
R 3 a H or OH provided that when R 3 is H, R 2 is OH; 
X = H, S0 3 " or PO4 ; 

Y is independently H, OH, OR 4 or NHCOR 4 , wherein R 4 is alkyl. and 
Z is an organic acid residue. 

a-L-Fucose residue (a) can be modified or replaced with suitable bioisosters or a different saccharide residue such 
as D-mannose. Modification of L-fucose may include replacement of each or all of the hydroxy! groups with H or OR' 
wherein R" can be methyl, ethyl or ally! groups. 
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Description 

Technical Field 

5 [0001] The invention relates to compounds useful in the treatment of inflammation, allergic reactions, autoimmune 
diseases, cancer, and similar other conditions that are cell adhesion-dependent More specifically, the invention con- 
cerns compounds, containing GalNAc lewis x as a mucin Core 2 branched structure, which have the ability to bind selec- 
tin receptors. Such structures have not been reported to be part of any O-linked glycoproteins. The invention is also 
concerned with pharmaceutical compositions containing such compounds. It is also directed to methods useful for the 

10 synthesis of such compounds and analogs derived therefrom. 

Background Art 

[0002] It is now well established that cellular interactions are at least in part mediated by receptor/ligand interactions. 

15 An important class of receptors is a family of three calcium-dependent mammalian lectins, known as l_ P and E- 
selectins, that have the ability to mediate the early steps of recruitment of leukocytes from blood stream in a variety of 
normal and pathologic situations. All three selectins recognize carbohydrate-based ligands such as sialyl lewis* (S Le*), 
sialyl lewis®, sulfated lewis x and sulfated lewis® type of structures. Several natural ligands of the selectins have been 
described, many of which share the biochemical properties of sialomucins. Recently, efforts have been directed 

20 towards the production of artificial selectin ligands, including compounds that mimic the sialyl lewis x structure. However, 
the affinity of selectins to such synthetic analogs was poor when compared to that of the natural glycoprotein ligands 
(such as GlyCAM-1, CD34), the mucosal addressin-cell adhesion molecule-1 (MadCAM-1), and an as yet unidentified 
200 kDa glycoprotein ligand (Rosen, S.D. et al. Curr. Opin. Cell Biology 6:663-673 (1994)). Rosen and co-workers dem- 
onstrated that the O-glycans of GlyCAM-1 are sialyiated, fucosylated and sulfated, and that all three components are 

25 important for binding, ft is surprising that PSGL-1 from HL-60 cells is not heavily fucosylated. and a majority of O-gly- 
cans are disialylated or neutral forms of Core 2 structures. A monosialylated trifucosylated glycan with a polylactos- 
amine backbone at the C-6 of GalNAc in the 

Gaipi->3GaJNAc 

30 

has also been reported as a minor constituent of PSGL-1 . 
[0003] In a recent study, it was observed that the compound 

NeuAco2-*3SE-6 Gaipi-*(Fuca1->3)GlcNAcOMe. 

35 

which is part of GiyCAM-1 , was not a superior ligand for L-selectin. Both this compound and 

NeuAca2-»3Gaipi ->4(Fuca1 ->3)SE-3GlcNAcpi ->3Gal, 

40 which was used by Scudder and co-workers in inhibition studies (Scudder, P.R., et al., Glycobiol. 44:929-933 (1994)). 
lacked a high affinity for L-selectin. As mentioned earlier, many of the selectin natural ligands are sialomucin type (or re- 
linked glycans). However, an extended trimannosyl oligosaccharide (N-linked type glycan) containing GalNAc Le x 

[GalNAcpi ->4<Fuca1 -*3)GlcNAcpi -»Mana1 ->3/6Manpi ->4GlcNAcpi ->4GlcNAc] 

45 

was isolated from human cell produced Protein C, and shown to be a potent inhibitor for E-selectin. 
[0004] Several theories have been postulated to explain the disparity between the high affinities of the selectins for 
their natural ligands and the relatively poor affinities for the sialylated/sulfated fucosylated lactosamines. Simple multi- 
valency of both oligosaccharide and selectin on intact cell surfaces or by presentation on a polypeptide backbone could 
so enhance avidity. This is apparent from comparison studies of the IC50 of monomeric, dimeric and tetravalent forms of 
SLe* for E-selectin, with the latter showing considerable improvement in inhibiting L-selectin. Nonetheless, p- and L- 
selectins do not bind to some cell types that express considerable amounts of SLe x , and cell recognition is usually 
destroyed by mucin -degrading enzyme O-sialoglycoprotease, even when the vast majority of cell surface SLe x remains 
* - -intact after this treatment, indicating the insufficiency of simple ligand multivalency for explaining biologically relevant 
55 selectin binding. Multivalent aggregation of selectins could also be invoked. However, the high affinity binding of soluble 
monomeric E-and P- selectin to cell surfaces, indicates that this is not essential. Moreover, there is no published evi- 
dence thus far for naturally occurring multimerization of selectins. Similarly, the possibility of multiple binding sites within 
a single selectin lectin domain is unlikely, based on studies which indicate that the binding sites for carbohydrates are 
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quite small. Alternatively, it could be hypothesized that the natural selectin ligands carry rare structural variants of the 
common sialylated fucosylated oligosaccharides which are responsible for the high affinity interaction. Because of the 
role of selectins in disease, particularly diseases involving undesired cell-cell adhesion that occurs through selectin-lig- 
and binding on defined cell types, the identification and procurement of novel ligands that would allow the regulation of 
5 this type of selectin-ligand binding is greatly needed. 

Brief Description of the Drawings 

[0005] 

10 

Figure 1 shows the structural formulas of glycosyl donors and acceptors employed for synthesis of compounds 16 
and 1 9 of the invention. 

Figure 2 shows the structural formulas of glycosyl donors and acceptors employed for synthesis of compounds 16 
and 1 9 of the invention. 

is Figure 3 shows the structural formulas of glycosyl donors and acceptors employed for synthesis of compounds 1 6 
and 19 of the invention. 

Figure 4 shows a schematic diagram of a reaction for preparation of compounds 1 1 and 12. 
Figure 5 shows a schematic diagram of a reaction for preparation of compound 14. 
Figure 6 shows a schematic diagram of a reaction for preparation of compound 15. 
20 Figure 7 shows a schematic diagram of a reaction for preparation of compound 16. 

Figure 8 shows a schematic diagram of a reaction for preparation of compounds 1 7 and 1 8. 
Figure 9 shows a schematic diagram of a reaction for preparation of compound 19. 

Brief Description of t he Invention 

25 

[0006] The invention provides compounds which bind to selectin receptors and thus may modulate the course of 
inflammation, cancer and related processes by intervening with cell-cell adhesion events. Further, such compounds 
can be used for identification and analysis of such receptors. In this regard the invention is directed to compounds of 
formula (I). 



35 



40 




Structure 1 



wherein R 1 is independently H alkyi. aryl, an aryl alkyl. alkenyl or one or more additional saccharide residues; 
R 2 = H or OH provided that when R 2 is H. R 3 is -OH; 
R 3 = H or OH provided that when R 3 is H, R 2 is -OH; 
55 X = H, S0 3 - or P0 4 -; 

Y is independently H, OH. OR 4 or NHCOR 4 . wherein R 4 is alkyl. and 
Z is an organic acid residue. 
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[0007] a-L-Fucose residue (a) can be modified or replaced with suitable bioisosters or a different saccharide residue 
such as D-mannose. Modification of L-fucose may include replacement of each or all of the hydroxyl groups with H or 
OR' wherein R' can be methyl, ethyl or allyl groups. 

[0008] In another aspect, the invention is directed to a method to synthesize said compound of formula (1) and deriv- 
5 atives. which method comprises employing various standard and novel intermediates, for example, such as those 
depicted herein below (see Fig. 1-3). Such intermediates are not limited to the examples given and may vary, depending 
on the nature of the final product desired. Such intermediates are used in a convergent or a stepwise manner to procure 
the final fully or partially-protected compounds for example (1 3 and 1 5) which would produce the desired seiectin inhib- 
itors (14) or (16) on systematic removal of the protecting groups by procedures well known in the art. Similarly, interme- 
10 diate (1 7) can be selectively de-O-chloroacylated to give (18) which is converted into the desired sulfated inhibitor (1 9) 
by way of a partially protected intermediate. 

Detailed Description of the Invention 

is [0009] 

"alkenyi" includes substituted and unsubstituted alkenyl. 

"alky!" as used herein included substituted and unsubstituted alkyl groups of up to 22 carbon atoms. The alkyl 
group is preferably lower alkyl of one through four carbon atoms or higher alkyl of 5 through 15 carbon atoms. 
20 "aryl" includes substituted and unsubstituted aryl groups. 

"organic acid residue" means carboxylic acids and carboxylic acid esters including substituted and unsubstituted 
carboxylic acids such as amine acids, sialic acid, N-acetyl neuraminic acid, acetic acid and propionic acid and other 
organic acid groups sharing the general formula (-Chy COOK where r is 1 -8. 

"substituted" as used herein means substituted with one or more hydroxy, carboxy. amino, sulfo. chloro, ester, ether, 
25 or thioether groups, ft is to be understood that such substitution groups may themselves be substituted. 

[001 0] This invention provides compounds that can be used in the treatment of inflammation by virtue of their ability 
to bind to seiectin receptors (for review see ref. 8). For example, when a tissue is infected, it defensively secretes 
cytokines, such as interleukin-1 and tumor necrosis factor. The cytokines stimulate endothelial cells in the venules to 

30 express P- and E- selectins on their surfaces. White blood cells circulating in the Wood vessels contain on their surfaces 
carbohydrate ligands capable of binding to these selectins. Once attached to a wall of a venule, a leukocyte can leave 
the blood stream by squeezing between the adjacent endothelial cells and into the surrounding tissue. This process is 
essential for the infection-fighting role of the leukocytes. Yet acting inappropriately, this same process allows leukocytes 
to accumulate in tissues, thereby causing tissue damage, swelling and pain. The inflammation of rheumatoid arthritis, 

35 for instance, occurs when the white Wood cells enter the joints and release protein-degrading enzymes, oxygen radicals 
and other toxic factors. Another example is reperfusion injury, a disorder that occurs after the flow of blood is temporarily 
cut off from a tissue, such as during a heart attack. When the Wood resumes, the white blood cells destroy tissues dam- 
aged by lack of oxygen. A further use of compounds of formula 1 can be for treatment of septic shock. 
[001 1 ] The spread of cancer cells from the main tumor to other sites in the body occurs by a process known as metas- 

40 tasis. For metastasis to take place, cancer cells must migrate from their site of origin to the new site for colonization. It 
appears that malignant cells can recruit adhesion molecules in order to facilitate such migration. For example, adhesion 
of human colon tumor cells to endothelium has been shown to be mediated by E-selectin, and it has been suggested 
that sialyl lewis x and sialyl lewis a structures present on human colon cell surfaces are the ligands for E-selectin. Fur- 
thermore, an increased expression of dimeric sialyl lewis x antigen in metastatic cancers has been reported. Dimeric 

45 sialyl Le x structures are known to be seiectin ligands. It is thus apparent that one way of combating metastasis is to 
interrupt this adhesion process. The compounds of the invention can act as anti-adhesive drugs and thus retard the 
spread of cancer cells which contain receptors that adhere to compounds of general formula (1). for example com- 
pounds 14, 16 and 19. 

50 Nontherapeutjc Uses of Compounds of Formula 1 

[0012] The usefulness of compounds of formula 1 is not limited to treating or preventing cell-adhesion related condi- 
tions such as inflammation. They can also be employed in diagnostic and purification procedures. 
[0013] Compounds of formula 1 may be attached to a solid support and used in affinity chromatography to purify 
55 seiectin receptor proteins from biological samples. Compounds of formula 1 are able to adhere to such receptors in 
preference to other biological contaminants which can be washed off the affinity column leaving the desired protein to 
be subsequently eluted by adjusting the eluent in a manner that allows their release from the adsorbant, for example by 
adjusting the pH. Optimal conditions can readily be achieved by those familiar with affinity chromatography. 
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[0014] Compounds of formula 1 can also be used to detect the presence or absence of selectin or related carbohy- 
drate-binding receptor ligands by virtue of their ability to complex with such receptor proteins. The amount of complex 
can be measured using various techniques. In some instances, it might be useful to employ compounds of formula 1 in 
labelled form, e.g., labeled with an isotope or a fluorescent structure, to allow for detection. 
5 [001 5] When coupled to suitable carriers, compounds of formula 1 can be used as immunogens to raise antibodies 
against them. The resulting antibodies will be useful in assays to determine the presence and/or the amount of the rel- 
evant compounds. By using such assays, it is possible to monitor the levels of compounds of formula (1) when they are 
used as therapeutic agents. 

[001 6] Additionally, compounds of formula 1 . devoid of sialic acid residue and sulfate group (for example compound 
10 1 4) can act as acceptor substrates for sialyl transferase and sulfotransf erase enzymes. Thus, such compounds can also 
be utilized as intermediates for enzymatic synthesis of compounds of this invention. 

Formulation and Administration 

is [0017] Compounds of the invention may be administered to a subject in need, for example, of preventing or relieving 
inflammation and/or the symptoms associated with it. The compounds are preferably administered with a pharmaceu- 
tically acceptable carrier, the nature of which differs with the mode of administration, i.e., whether it is oral, by injection 
or by the use of suppositories or in the form of topical application or nasal spray. Methods of preparing dosage forms 
are known to those skilled in the art (for example, see Remington's Pharmaceutical Sciences. Latest edition). 

20 [0018] While the dosage may vary in amount according to the condition or subject, it is noteworthy that complete 
blocking of all seiectin receptors of a particular type may not be desirable. Normal heaJing processes require that some 
white blood cells should reach the tissue afflicted with wound, infection or disease. 

[0019] Compounds of formula 1 may be useful for treating a range of autoimmune diseases such as rheumatoid 
arthritis and multiple sclerosis by interfering with the tendency of the immune system to act against the body by recruit- 
25 ing white Wood cells and inducing them to accumulate in the tissues thus causing tissue damage, swelling, inflamma- 
tion and pain. 

[0020] During heart attack, thrombolytic agents such as tissue plasminogen activator or streptokinase are used to 
relieve coronary obstruction in many patients. However, a number of these patients suffer what is known as reperfusion 
injury Reperfusion injury is believed to be associated with adherence of leukocytes to vascular endothelium in the area 

30 with deficient Wood flow (ischemic zone) (Romson et al. , Circulation 67:1 01 6-1 023. 1 983). The adherent leukocytes are 
then aWe to migrate to the ischemic myocardium and attack tissues which suffered damage during Wood flow restriction 
and the accompanying lack of oxygen. Thus, by interfering with leukocyte adhesion in ischemic myocardium, com- 
pounds of formula (1) may greatly enhance the therapeutic value of thrombolytic agents and thus enhance the likeli- 
hood of the survival of heart attack patients. 

35 [0021 ] Organ injury as a result of ischemia and reperfusion is also common in other clinical situations such as stroke, 
organ transplantation, etc. Administration of compounds for formula (1) may also be useful in such clinical disorders. 

Multivalent Fo rms of Compounds of Formula (D 

40 [0022] The affinity of the compounds of the invention for binding with receptors can be enhanced by providing multiple 
forms of such compounds with optimal spatial arrangement of the presumed binding sites. For example, a consideraWe 
increase in binding with E- and L- selectins was observed when dimeric and tetrameric structures of SLe* were com- 
pared to the monomeric form. Multivalent structures of compounds of formula (1 ) can be obtained by attaching them to 
suitable scaffolds with multifunctional groups. This can be made possible by the choice of the aglycon. A free hydroxyl 

45 group at the reducing end would permit reductive amination with coupling to suitable peptides or proteins. Similarly, oxi- 
dation can result in carboxy groups, which, on reaction with amino or hydroxyl groups will result in amides or esters, 
respectively. Suitable aglycons that would allow subsequent polymerization can also be utilized. 

Preparation of Compounds of formulas 14. 16 and 19. 

50 

[0023] Appropriately protected glycosyl donors and acceptors can be utilized for the preparation of compounds of the 
general formula (1), and the choice of each will depend on the target compound to be prepared. For example, the gly- 
cosyl donors and acceptors (Fig. 1 -3) were employed for the synthesis of compounds of formulas (1 6) and (1 9) as illus- 
trated in Schemes l-IV. A key glycosyl donor was phenyl 3.4,6-tri-0-acetyl-2<leoxy-2-phthaIimido-1-thio-a/p-D- 
55 galactopyranoside (2). Compound 2 was prepared by treatment of known 1 ,3,4,6-tetra-0-acetyl-2-deoxy-2-phthalimido- 
a/p-D-galactopyranose (1) with thiophenol in dichlorom ethane and in the presence of borontrifluoride-ethearate. Com- 
pound (2) existed largely as the p-anomer (a/p ratio 1 :4) as judged by its 1 H NMR spectrum. 

[0024] Regioselective acylation of methyl 3-0-benzyl-2-deoxy-2-phthalimido-p-D-glucopyranoside with acetyl chlo- 
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ride in pyridine afforded the 6-O-acetyl derivative (5) in 79% yield. Glycosylation (catalyzed by N-iodosuccinimide-trif lie 
acid of 5 with donor 2 gave (6) in 52% yield. Hydrogenolytic cleavage of the benzyl group of 6 in glacial acetic acid and 
in the presence of 10% palladium-on-carbon furnished the partially protected disaccharide (7). a-L-Fucosylation of 7 
with the tri-O-benzyi thiophenyl donor (3) in the presence of N-iodosuccinimide-trif lie acid (Scheme 1) afforded the fully- 
5 protected trisaccharide derivative (8) in 68% yield. Compound 8 was converted, in 76% yield, into the diphthaloyl pera- 
cetate (1 1) by hydrogenolysis (glacial acetic acid-10% Pd-C), followed by acetoiysis (acetic anhydride-acetic-acid-sul- 
furic add). Compound 11 was, in turn, converted (49% yield) into the key glycosyl donor (12) by treatment with 
thiophenol and boron-trifluoride ethearate. 

£0025] Selection deacylation of methyl 0-(2,3,4-tri-0-acetyl-6-0-trimethylacetyl-p-D-gaJactopyranosyl)-(1--*3)-2- 
10 acetamido-2-deQxy-4,6-0-(4-methoxybenz^idene)-a-D-galactopyranoside (9a) in 1:1 dichloromethane-methanol (0.5 
M NaOMe, pH -1 1), followed by chloroacetylation and cleavage of the 4-methoxybenzylidene acetal with 70% aqueous 
acetic acid afforded compound 9b which was used in the next step. 

[0026] N-lodosuccinimide-triflic acid glycosylation of compound (9b) with glycosyl donor 12 (Scheme II), followed by 
removal of the chloroacetyl groups in the p-galactopyranosyl residue afforded the partially-protected pentasaccharide 
is intermediate (1 3) in 35% yield (based on 1 2). The 1 H NMR spectrum of 1 3 was in conformity with the overall structure 
expected (see Examples). 

[0027] A similar glycosylation of compound (10) with 1 2 gave, in 76% yield, the pentasaccharide derivative (17). the 
chloroacetyl group of which was removed to give, in 71% yield, intermediate (18); Scheme IV. Compounds 13 and 18 
are key intermediates for obtaining the desired inhibitors 14, 16 and 19. Thus, for the production of compound 14 the 

20 partially-protected 1 3 was subjected to complete removal of the blocking groups in three successive steps (see Exam- 
pie 9), whereas for obtaining the siaiylated compound 16, the same intermediate 13 was allowed to react with known 
sialyl donor (4) to give, in 47% yield, the hexasaccharide derivative (1 5); (Scheme III). The configuration for the sialic 
acid residue was confirmed by the 1 H NMR of 1 5 which exhibited a double doublet at 5 2.67 (J =4.6 Hz), attributable to 
H-3e of this residue. The conversion of 15 into the target compound (16) (Scheme III) was performed in four successive 

25 steps: (1 ) lithium iodide-pyridine (methyl ester to free acid). (2) methanol-hydrazine hydrate (removal of the phthalimido 
group). (3) acetic anhydride-methanol-dichloromethane (N-acetylation). and (4) methanolic sodium methoxide (O- 
deacetylation). The 1 H and 13 C NMR spectra of 16 were in accord with the structure assigned (see Examples). 
[0028] For the production of the target compound (1 9) . intermediate 1 8 was treated with five molar equivalents of sul- 
fur trioxide-pyrtdine complex in N.N-dimethyHormamide at 0*C (Scheme IV). followed by customary removal of the pro- 

30 tecting groups. Column chromatographic purification on silica gel then furnished the desired compound 1 9 in 37% yield. 
The 13 C NMR spectrum of 19 was also consistent with the structure assigned (see Examples). 

Examples 

35 [0029] 

General methods . - Optical rotations were measured at ~25*C with a PerWn-Elmer 241 Polarimeter. Thin layer 
chromatography (TLC) was conducted on glass plates precoated with 0.25 mm layers of silica gel 60F-254 
(Analtech GHLF uniplates). The compounds were located by exposure u.v light or by spraying with 5% H2SO4 in 

40 ethanol and charring, or by both techniques. The silica gel used for column chromatography was Baker Analyzed 
(60-200 mesh). NMR spectra were recorded at -25 d C. 1 H-spectra with a Varian EM-390 at 90 MHz and with a 
Bruker AM-400 at 400 MHz, and the 13 C-spectra with a Bruker AM-400 at 100.6 MHz. All chemical shifts are refer- 
enced to tetramethylsilane. Solutions in organic solvents were generally dried with anhydrous sodium sulfate. 
Dichloromethane, N.N^iimethylformamide, 1 ,2-dichloroethane, benzene and 2,2-dimethoxypropane were kept 

45 dried over 4A° molecular sieves. Elemental analyses were performed by Robertson Laboratory, Madison. New Jer- 
sey. USA. 

General procedure for olvcosidation . - A solution of the acceptor (1.0 - 1.2 mmol) and donor (1.0 - 1.5 mmol) and 
N-iodosuccinimide (2.5 - 3.0 mmol) in dichloromethane (20 ml. for compound 6), 13 from 9b and 12, 17 or 1:1 

so dichloromethane-ether (30 ml. for compound 8 and 1 7). propionitrile (15 ml. for compound 1 5) was stirred for 0.5 h 
with 4A molecular sieves (2 g) under an argon atmosphere at 0°C (compound 6 and 8). or -40°C (compound 13 
and 17) or -65°C (compound 15). Then a dilute solution of trifluoromethanesuifonic acid (triflic acid. 0.2 ml in 10 ml 
dichloromethane or propionitrile) was added dropwise. Stirring was continued at the same temperature for an addi- 
tional hour, and the acid was neutralized with aqueous sodium bicarbonate solution. The mixture was filtered 

55 (Celite bed), the solids thoroughly washed with water, saturated sodium bicarbonate solution, 1 0% sodium thiosul- 
fate solution, dried and concentrated under diminished pressure. 

[0030] The following examples are intended to illustrate but not to limit the invention. 
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Example 1 

[0031] Preparation of phenyl 3.4.6-tri-Q-acetvl-2<ieQxv-2-Dhtha limk^1-th}o-a/B-D^tucoDvrano$ide (2). - To a stirred 
solution of 1 (6.4 g. 13.4 mmol) in dichloromethane (70 ml) was added thiophenol (4.0 ml. 36.4 mmol) and BF 3 . 

5 ethereate (4.0 ml, 28.4 mmol). Stirring was continued for 4 h at room temperature. The reaction mixture was then 
washed with aqueous sodium bicarbonate solution, water, dried and concentrated. The residue was purified on a col- 
umn of silica gel with a solvent gradient consisting of hexane-ethyl acetate 3:2 -» 1 :1 (v/v) to afford 2 (6.1 g. 84%); [a] D 
+28° (c 1.0, CHCI3); 1 H NMR (CDCI2): 8 7.88-7.26 (m, 9 H, arom.), 5.79 (dd, J = 9.1 Hz and 10.1 Hz, 1 H, H-3), 5.70 
(d. J = 10.5 Hz. 0.8 H. H-1). 5.49 (d. J =* 3.5 Hz. 1 H, H-4), 2.2, 2.06 and 1 .98 (each s, 3 x OAc-a), 2.18. 2.04 and 1 .81 

10 (each s, 3 x OAc-p). 

Anal Calc. for C^gNOgS: C. 59.19; H, 4.78; N, 2.66. Found: C, 59.21; H, 4.91; N, 2.54. 
Example 2 

is 

Preparation of 60-acetyl-3-Q^engyi«2^eoxv -2^rrthalimido-B-P-OlucoPvranoside (5). - 

[0032] To a cold (-30°C). stirred solution of methyl s-O-benzyl^-deoxy^-phthalimido-p-D-glucopyranoside 54 (4.8 g. 
11.6 mmol) in pyridine (50 ml) was added, dropwise. a solution of acetyl chloride (0.97 ml. 12.4 mmol) in pyridine- 

20 dichloromethane (1 2. 15 ml). Stirring was continued for 2 h at the same temperature, and then the mixture was kept 
overnight at 5°-6°C. ft was then cooled to O a C and methanol (5 ml) was added to decompose excess reagent The sol- 
vents were removed under diminished pressure and the residue dissolved in dichloromethane. The organic layer was 
successively washed with 10% aqueous hydrochloric acid, water, saturated sodium bicarbonate solution, dried and 
concentrated. The crude product was purified on a column of silica gel with a solvent gradient consisting of 40-50% 

25 ethyl acetate in hexane to give 5 (4.2 g. 79%); [a] D +23' (£ 1.0. CHCI3); 1 H NMR (CDCIg): 6 7.73-6.98 (m. 9 H, arom.). 
5.04 (dd. J = 8.3 Hz. 1 H, H-1), 4.04 (dd. J = 8.6 Hz, H-6). 3.37 (s. 3 H-OMe), 2.14 (s. 3 H, OAc). 

Anal Calc. for C^HasNOs: C. 63.29; H, 5.53; N, 3.08. Found: C, 63.31 ; H. 5.60; N, 3.01. 



30 Example 3 

[00331 Preparation of methvl Q.(3.4.^tri-0.acetvl- 2 -d<M^ 

0.hPnzvt.2^eoxv -2-nhth a iimid 0 -6-n-fllucoovranoside (6), - Glycosidation of 5 (4.0 g. 8.6 mmol) with 2 (6.0 g. 111 
mmol) followed by silica gel column chromatography (solvent gradient consisting of hexane-ethyl acetate 3:2 i:i) 
35 afforded 6 (6.1 g. 52%); [a] D +10« (c 1.0. CHCI3); 1 H NMR (CDCy: 6 7.90-6.92 (m, 13 H, arom.), 5.79 (dd. 1 H. H-3*). 
5.48 (d, J = 8.7 Hz. 1 H, H-1), 5.44 (d, J -3.1 Hz, 1 H. H-4*), 4.91 (dd. 1 H, H-2*). 4.46 (d. J = 8.0 Hz, 1 H, H-10, 3.27 
(s, 3 H. OMe), 2.10, 2.03, 2.01 and 1.81 (each s. 12 H, 4 x OAc). 



40 



Anal Calc. for C^H^S^: C, 60.54; H. 5.08; N, 3.21. Found: C. 60.35; H. 5.11; N, 3.16. 
Example 4 



[0034] Preparation of methvl Q-(3.4.6-tr.^-acetvl-2 ^ xv-2^ 

2-deoxv-2H3hthalimido-S-D ohjcoovranoside (7) . - A mixture of compound 6 (1 .0 g) and 10% Pd-c (1 .0 g) in glacial ace- 
45 tic acid (20 ml) was shaken at -345 kPa. The suspension was then filtered (Celite bed), the solids were thoroughly 
washed with glacial acetic acid, and the combined filtrate and washings were concentrated under reduced pressure. 
The crude product was applied to a column of silica gel and eluted with hexane-ethyl acetate 2:3 ->1 :4 (v/v). The frac- 
tions conesponding to 7 were pooled and concentrated to give an amorphous solid (0.55 g. 62%); [a] Q -ir fel.5, 
CHCI 3 ); 1 H NMR (CDCIg): 5 7.89-7.74 (m. 8 H. arom.). 5.79 (dd. 1 H. H-3"). 5.06 (d, J = 9.1 Hz. 1 H. H-1). 4.54 (dd, 1 
so H, H-2'). 3.34 (s, 3 H, OMe), 2.17. 1.91. 1.82 and 1.81 (each s. 12 H. 4 x OAc). 

Anal Calc. for C^aNgO^: C. 56.77; H. 4.89; N. 3.58. Found: C. 56.82; H. 4.91 ; N. 3.49. 
Example 5 

[0035] Preparation of methvl 0-(2.3.4-tri-0-2-deoxv- B -n-n a ] a ctoovranosvl)-(1^4)-Q-f2 3,4-tri-O-benzyl-a-L-fucop- 
vrano S vlWl^3V01-6-0-acetvl-2-d eQ xv-phthalim id 0 -6.D- a luconvranoside (8a). - Glycosidation of 7 (3.9 g. 5.0 mmol) 
with 3 (1 0.8 g. 20.0 mmol) in dichloromethane-ether (1 :1 . 100 ml) and purification of the crude product mixture by s.hca 
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gel column chromatography [solvent gradient consisting of hexane-ethyl acetate 3:2 1 :1 (v/v) furnished compound 
8a (3.0 g, 68%); [a] D +3° (c 1.5. CHCI3): 1 H NMR (CDCy: 5 7.88-6.99 (m, 23 H, arom.), 5.79 (dd. 1 H, H-3*), 5.31 (d. 
J =» 4.1 Hz, 1 H, H-1"), 4.89 (d, J 8.6 Hz, 1 H, H-1), 4.82 (d, J => 10.0 Hz, 1 H, H-1*), 3.27 (s, 3 H, OMe), 2.07, 2.03. 
2.02 and 1 .78 (each s, 12 H, 4 x OAc), 1 .30 (d, J = 65. Hz, 3 H, CMe). 

5 

Anal Calc. for 0^66^021 : C, 64.10; H. 5.55; N, 2.34. Found: C. 64.31 ; H, 5.51 ; N 2 . 2.16. 
Example 5b 

10 [0036] Methyl O-(2-acetamido-2<!eoxy-p-D-galatfcpyranosy0^^ 

2-deoxy-p-D-glucopyranoside (8b) - A mixture of 7 (0.3 g) and 10% Pd-C (0.8 g) in glacial acetic acid (20 ml) was 
shaken under hydrogen at -345 kPa for 1 6 h at room temperature. After usual workup followed by phthaJamido removal 
with hydrazine hydrate- ethanol (1 :4; v/v) at 100oC for 16 hr and N-acetylation with methanol -triethylarnine-acetic anhy- 
dride (4:2:1 , v/v) afforded 8b. After purification over a silica gel column with CHCI3-MeOH-water (13:6:1-»5:4:1) as the 

is eluent, 8b (0.07 g, 51%); [a]D -880 (c 0.5, H20); 1 H NMR (D20): 6 5.12 (d. J = (s, 3 H, OMe), 2.07 and 2.04 (each s, 
6 H. 2 x NAc). 1.28 (d. J = 6.6 Hz, 3 H. CMe); 13C-NMR: GalNAc-p-(1-»4) residue: 100.69 (C-1), 51.34 (C-2), 70.97 
(C-3). 66.50 (C-4). 72.36 (C-5). 60.40 (C-6), 21.15 (NAc); Fuc-a-(1->3) residue: 97.41 (C-1), 66.68 (C-2), 68.16 (C-3). 
69.79 (C-4). 65.90 (C-5). 14.33 (C-6); GlcNAc-p-OMe residue: 99.72 (C-1). 54.38 (C-2). 74.44 (C-3). 73.81 (C-4). 73.70 
(C-5). 59.01 (C-6). 56.09 (OMe), 21.18 (NAc). ES-MS: m/z = 583.22 [M-1]-(584.58). 

20 

Anal Calc. for C23H40N2O15: C. 47.25; H, 6.90; N, 4.79. Found: C, 47.09; H, 6.85; N, 4.67. 
Example 6 

25 [0037] Preparation of Q-te.4.6- tri-Q-acetvl-2-deoxv-2^ 

acetvl-q-L-f ucopvranosvlHI ->3)-Q1-1 . 6-di-Q-acetvl-2-deoxv-2-prithalimido-D-olucoDvranose (1 1 ). - A solution of com- 
pound 8 (6.0 g) in glacial acetic acid (60 ml) was treated with 10% Pd-C (4.0 g) and the mixture was shaken for 16 h at 
room temperature under hydrogen (-345 kPa). The suspension was then filtered (Celite bed) and the solids were thor- 
oughly washed with methanol. The filtrate and washings were combined and concentrated and the residue was directly 

30 utilized in the next step. A solution of this residue in acetic acid (80 ml) and acetic anhydride (96 ml) containing cone. 
H 2 S0 4 (8.4 ml) was stirred for 16 h at 5°C. The mixture was then diluted with dichloromethane (700 mi), and succes- 
sively washed with water, saturated aqueous sodium bicarbonate solution, water, dried, evaporated to dryness, and 
redissolved in dichloromethane. Addition of ether-hexane caused the precipitation of 11 as an amorphous solid (4.0 g. 
76%); [ctJ D -63° (fi 1.0. CHCI3); 1 H NMR (CDCy: 6 7.92-7.78 (m. 8 H. arom.). 6.00 (d. J = 8.5 Hz, 0.6 H. Hip). 5.94 (d. 

35 J s 3.2 Hz. 0.4 H. H-1 a), 5.82 (dd, 1H, H-3*) 5.51 (d. J = 3.8 Hz. 1 H. H-4"). 5.48 (d. J = 3.6 Hz. 1 H. H-4-). 5.40 (d, J ■ 
4.6 Hz. 1 H, H-1"). 4.83 (d. J - 10.6 Hz. 1 H. H-1 1 ) 2.22-1.76 (cluster of s, 24 H, 8 x OAc), 1.41 (d, J » 6.7 Hz. 1.8 H, 
CMe-p). 1.36 (d, J = 6.5 Hz, 1.2 H. CMe-a). 

Anal Calc. for CsoH^NgOgs: C. 55.48; H, 5.03; N, 2.59,Found: C. 55.29; H, 5.11; N, 2.58. 

40 

Example 7 

[0038] Preparation of phenyl Q-/3.4 .6-tri-Q-acetvl-2<leoxv-2-oh^ 

Q-acetvl-q-L-fucc«3vranosvlW1^)-01^ (12V - To a 

45 stirred solution of 11 (2.0 6, 1.8 mmol) in dichloromethane (40 ml) was added thiophenol (2.0 ml, 18 mmol) and BF 3 - 
ethereate (0.8 ml, 5.6 mmol). Stirring was continued for 5 h at room temperature. The reaction mixture was washed with 
aqueous sodium bicarbonate solution, water, dried and concentrated. The residue was purified on a column of silica gel 
with a solvent gradient consisting of hexane-ethyl acetate 1 :1 -» 1 :4 to afford 12 (1 .1 g. 49%); [a] 0 -72° (c 1 .1 , CHCI 3 ); 
1 H NMR (CDCI2): 6 7.91-7.17 (m, 13 H, arom.). 5.84 (dd. 1 H, H-3}. 5.51 (d, J = 3.8 Hz, 1 H, H-4"). 5.41 (d. 2.8 Hz. 1 H. 
so H-4*) 5.36 (d. J =* 8.4 Hz, 1 H. H-1). 5.34 (d. J = 4.0 Hz, 1 H, H-1"). 5.28 (d. J =* 10.5 Hz, 1 H, H-1*), 5.19 (dd, 1 H, H-2"), 
2.20. 2.12. 2.11. 2.08. 2.07, 1.93 and 1.80 (each s, 21 H, 7 x OAc). and 1.35 (d, J * 6.7 Hz. 3 H, OMe). 

Anal Calc. for C^H^NzOz^: C, 57.24; H, 4.98; N, 2.47. Found: C, 57.37; H, 5.01 ; N, 2.29. 

55 Example 8 

[0039] Methyl Q-(2.3.4-tri-0-acetvl-6-Q-trimethvlacetvl-6-D-aalactopvranosvl)-f1^3)-2-acet amido-2-deoxv-a-D- 
galactopyranoside (9b) . - A cold ( °C) and stirred solution of methyl 0-(2,3.4-tri-0-acetyl-6-0-trimethylacetyl-p-D- 
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galactopyranosylMl^)-2-ac^ ( 9a ). in 1:1 

dichloromethane-methanol (50 ml) was treated with 0.5 M NaOMe in methanol till the pH was ~1 1 , and the stirring was 
continued for 1 h at 0°C. The base was neutralized by stirring with Amberlite IR-1 20 (H + ) cation- exchange resin, filtered 
and concentrated. The residue so obtained (~1 .7 g) was taken in N,N-dimethyiformamaide (20 ml), sodium bicarbonate 
(5 g) and chloroacetic anhydride (5.1 g) were then added and the mixture stirred for 16 h at room temperature. It was 
then poured onto ice-water and stirred. The solid material that separated was filter ed, washed with cold water, collected 
and treated with 70% aqueous acetic acid (100 ml) and stirred for 1 h at 70°C. The mixture was concentrated under 
diminished pressure and the residue applied to a small column of silica gel and eluted with a solvent gradient consisting 
of 40-60% acetone in dichloromethane. Fractions corresponding to product were pooled and concentrated and the res- 
idue redissolved in dichloromethane. Addition of ether-hexane caused the precipitation of 9b as an amorphous solid 
(1 .8 g. %); N D ; 1 H NMR 13 C NMR 

,5 Preparation of Methyl 0^3.4.6-tri-0-acetvl-2-deoxv-2-o h thalim^ 
»-l-fiirn p^nosv1W1^VOn6-0^ 

p-n^alartfmvranosvlWI^VOI-2-acetam^ A3) and Methyl Q-(2-acetamido-2- 

riPnw-^D-Qalartopvranosv^ 

f 1 ^-Q-ffB-D-oalactonvranosvh-f 1 -»3VQ1-2-ace tamidQ-g^deoxv-a-D-QalactODYranQSide (14). - 

20 

[0040] Glycosidatton of 9b (0.9 g, 1 .26 mmol) with 12 (1 .0 g. 0.88 mmol). followed by processing in the usual manner 
gave a crude product mixture which was directly employed in the next step without further purification. A solution of the 
crude product in 1 :1 ethand-dichloromethane (30 ml) containing thiourea (2.8 g, 37.8 mmol) and iutidine (2.0 ml, 18.72 
mmoi) was stirred for 6 h at 80°C. The solvents were evaporated under reduced pressure and the residue redissolved 

25 in dichloromethane. The organic layer was washed with water, dried and concentrated under diminished pressure. The 
residue was purified on a column of silica gel by elution with a solvent gradient consisting of 10-15% MeOH in dichlo- 
romethane to give 13 (0.44 g. 37%; based on 12); [cfa -40- fe 0.5. CHCI 3 ); 1 H NMR (CDCI 2 ): 5 7.92-7.77 (m. 8 H, 
arom.). 5.83 (dd, 1 H H-3~), 5.76 (d. J = 9.6 Hz, 1 H, H-1"), 5.51 (d. J = 3.5 Hz, 1H. H-4""), 5.41 (d, J - 2.9 Hz, 1 H. H- 
4-), 5.38 (d, J = 8.6 Hz. 1 H. H-1*"). 5.22 (d, J = 3.3 Hz. 1 H. H-1""). 5.20 (d, J = 2.9 Hz. 1 H, H-1). 2.83 (s. 3 H. OMe). 

30 2.20-1.81, (cluster of s. 24 H. 7 x OAc and NAc). 1.36 (d. J - 6.4 Hz. 3 H. CMe). and 1.14 (s. 9 H. CMea). 

Anal Calc. for C^H^N^s: C. 53.92; H, 5.74; N. 2.82. Found: C, 54.03; H. 4.69; N, 2.79. 

[0041] A portion of compound 13 was treated with hydrazine hydrate in methanol to cleave the phthalimido group. 

35 followed by N-acetylation (MeOH-E^N-AC^O) and finally O-deacetylation in furnish in 66% yield, amorphous 14; [a] D - 
1 2° (c. 1 0 H 2 0); 1 H NMR (D 2 0): 6 5.1 1 (d. J » 4.0 Hz. 1 H. H-1"-). 4.74 (d. J » 3.8 Hz. 1 H. H-1), 4.52 (d. J * 8.3 Hz. 
1 H H-1") 4 46 (d. J = 7.8 Hz. 1 H, H-1"*). 4.44 (d, J = 7.0 Hz, 1 H. H-1% 3.35 (s, 3 H, OMe). 2.04, 2.00 and 1.99 (each 
s 9 H 3 x NAc). and 1.26 (d. J = 6.6 Hz, 3 H, CMe); 13 C NMR GalNAc-p-(1->4) residue: 100.36 (C-1), 51.44 (C-2), 
69.79 (C-3). 66.76 (C-4), 73.71 (C-5). 60.00 (C-6). 21.23 (NAc); Fuc-<x-(1->3): 97.49 (C-1). 67.97 (C-2). 68.24 (C-3). 

40 6967 (C-4) 65.94 (C-5). 14.40 <C-6); GlcNAc-p-(1-*6) residue: 99.76 (C-1). 53.97 (C-2). 74.45 (C-3). 74.00 (C-4). 
72 43 (C-5) 59.06 (C-6). 21.30 (NAc); Gal-fH1->3) residue: 103.68 (C-1). 69.03 (C-2), 71.06 (C-3). 67.63 (C-4), 73.88 
(C-5). 60.48 (C-6); GalNAc-a-OMe residue: 97.24 (C-1), 47.56 (C-2). 76.11 (C-3). 66.41 (C-4), 71.58 (C-5), 68.19 (C- 
6), 54.60 (OMe). 21.06 (NAc). 

45 ES-MS: m/z = 948.39 [M-1]-. 

Anal. Calc. for 037^3^035.^0: C. 45.91 ; H, 6.77; N. 4.34. Found: C. 46.08; H. 6.63; N. 4.29. 
Example 1Q 

50 

[0042] Preparation of methvl 0-<3.4.6-tri-0-acetvl-2<leoxv-2-ohthalimi d o-B-^ 
n-^gt yt-^-L-fucopvranns^^ 

acetvl-3-Q-chlCToacetvl-6-D-qatactoCF^^ f 17 )- ' Gonv 

pound 1 0 (0.92 g. 1 .5 mmol) was treated with 1 2 ( 1 :5 g. 1 .3 mmol) as described in the general glycosidation methods. 
ss After the customary processing, the crude product was purified by silica gel column chromatography with a solvent gra- 
dient consisting of 20-25% acetone in dichloromethane to give 17 (1.0 g, 74%); [a] D -36° (c 1.0. CHCI 3 ); H NMR 
(CDCI 2 )- 5 7 90-7.78 (m, 8 H. arom.), 5.82 (dd. 1 H, H-3'"). 5.50 (d, J = 3.5 Hz. 1 H. H-4""). 5.40 (d. J = 3.4 Hz. 1H. H- 
4"*) 5 38 (d, J = 7.9 Hz. 1 H. H-1'). 5.21 (d. J = 3.5 Hz. 1 H. H-V"). 5.19 (d. J = 3.2 Hz. 1 H. H-1). 5.14 (d. J = 8.2 Hz, 1 
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H, H-1~). 4.1 1-4.07 (bs, 2 H, CH 2 CI), 2.83 (s, 3 H, OMe), 2.19-1.80 (cluster of s, 3 H, 10 x OAc and NHAc), 1 .35 (d. J 
= 6.8 Hz, 3 H. CMe). 

Example 1 1 

5 

[0043] Preparation of methvl Q-T3. 4 6-tri-Q-aceWI-2-deoxv-2-Phmalim^ 
O-acetvf-g-L-fuGCPvranosvlWI^^ 

ace1v1-g-D-oalactoPvrarx>svtWl^01-2-a ce^^^ (18). - Compound 17 (0.96 g, 

0.58 mmol) was de-O-chloroacetylated in a manner analogous to that described for the preparation of 1 3 (see Example 
10 8). After customary processing, silica gel column chromatographic purification (5-10% MeOH in dichloromethane), 
gave 18 (0.65 g. 71%); [a] D -40" (fi 1.0. CHCI 3 ); 1 H NMR (CDCIjj): 6 7.91-7.78 (m, 8 H, arom.), 5.82 (dd, 1 H, H-3"*). 
5.50 (d, J - 3.7 Hz. 1 K H-V"), 5.40 (d, J = 3.3 Hz. 1H. H-4'"), 5.38 (d, J = 2.9 Hz, 1 H, H-4"), 5.38 (d, J = 9.0 Hz, 1 H, 
H-1'*). 5.25 (d. J « 3.5 Hz. 1 H. H-4% 5.23 (d. J » 3.4 Hz, 1 H, H-1 M "), 5.19 (d. 2.9 Hz. 1 H, H-1), 2.81 (s. 3 H, OMe). 
2.20-1 .58, (cluster of s, 33 H, 10 x OAc and NHAc), 1 .35 (d, J = 6.2 Hz. 3 H, CMe). 

15 

Anal Calc. for C^H^NaC^: C. 54.44; H. 5.65; N, 2.64. Found: C, 54.19; H. 5.73; N, 2.59. 
Example 12 

20 [0044] Preparation of methvl Q-(3.4 6-tri-0-acetvl-2-deoxv-2-prrthalim^ 

O-acetvl-a-L-fucopvranosvl W1 ^VOl-6Q-acet vl-2<ieoxv-2-c^hanmkjo-6-D-QlucoPvranosv<)-( 1 -^-Q-fmethyK5- 
acetamjdo-4 7.8.»te traO-ac^-3.5^ideox^ 

lacetyl-p^D-galactopvranosvl- fl ^)-Q1-2-acetamido-2-deoxv-a-DM3alartoovranoside f15). - Compound 13 (0.2 g, 0.13 
mmoO was treated with donor 4 (0.6 g, 1 .1 mmol) in propionitrile (15 ml) at -65°C for 3 h. The reaction mixture was then 

25 processed as described in the general methods, and the crude product subjected to column chromatography on silica 
gel with 10% MeOH in dichloromethane as the eluent to give 15 (0.12 g, 46%): Wo " 28 ° (S 0.5. CHCI3); 1 H NMR 
(CDCy: 5 7.88-7.76 (m. 8 H. arom.). 5.48 (d. J - 9.2 Hz; 1 H, NH). 5.84 (dd, 1 H, H-3"), 5.49 (d. J « 3.3 Hz. 1H. H-4~% 
5.40 (d. J = 3.0 Hz, 1 H, H-4~), 5.37 (d. J - 8.6 Hz, 1 H. H-1"). 5.28 (d, J = 3.3 Hz. 1 H. H-1""). 5.18 (d. J « 3.3 Hz, 1 H, 
H-1), 5.14 (d. J = 9.4 Hz. 1 H. H-1~). 3.78 (s, 3 H. OMe), 2.79 (s, 3 H. OMe). 2.67 (dd. J » 4.6 Hz. H-Ze""). 2.18-1.77. 

30 (duster of s. 39 H, 12 x OAc and NHAc). 1.34 (d, J = 6.5 Hz. 3 H, CMe) and 1.15 (s, 9 H, CMe 3 ). 

Anal Calc. for C 87 H 112 N 4 0 4 7: C. 53.15; H. 5.74; N. 2.85. Found: C, 53.09; H, 5.89; N. 2.93. 

Example 13 

35 

[0045] Preparation of methvl Q-f2-acetarrrido-2-deoxv-6-D-aalactc^ranosM 

alucopvranosvlW1^-0-rf5-acetam aadH2->3)-0-(P- 
D-oalactoPvranosvl)-n ^3VQ1-2 -acetamido-2-deoxY-a-DH3alactopYranoside (16). - A solution of 15 (0.1 g. 0.05 mmol) 
and lithium iodide (0.3 g, 2.2 mmol) in pyridine (10 ml) was stirred for 6 h at ~120°C. The solvent was then removed 

40 under diminished pressure and the residue was passed through a small column of silica gel by elution with 20-30% 
methanol in dichloromethane to give the protected free acid derivative. This compound was taken in methanol-hydra- 
zine hydrate (4:1, 20 ml) and heated at ~80°C for 16 h. After evaporation to dryness, the residue was redissoh/ed in 
methanol-dichloromethane (1:1, 20 ml) and treated with acetic anhydride (6 ml) for 1 h at 0°C. The mixture was then 
evaporated to dryness and the residue so obtained was deacetylated by stirring in methanolic sodium methoxtde (20 

45 ml) for 2 days at room temperature. The crude product was purified by column chromatography on silica gel by using 
chloroform-methanol-water 13:6:1 and 4:5:1 (v/v/v) as the eluent to give the target compound 16 (0.015 g. 24%); [a] D 
-8° (fi 0.15. HgO); 1 H NMR (D 2 0): 5 5.1 1 (d. J « 3.9 Hz. 1 H, H-1 ""). 4.76 (d, J * 3.9 Hz; 1 H, H-1). 4.52 (d. J « 8.2 Hz, 
1 H. H-1"), 4.51 (d. J = 7.7 Hz. 1H, H-1'"). 4.46 (d. J = 7.0 Hz, 1 H, H-1*). 3.34 (s. 3 H. OMe). 2.75 (dd. J 3 .~ a4 .~ = 4.6 
Hz, 1 H. H-3""e). 2.04, 2.03. 2.01 and 1.99 (each s. 12 H, 4 x NHAc), 1.81 (t. J 3 -- ai4 ~- =»J3""*a ( 3" M e = 12.1 Hz, 1 H. H- 

50 3""a), and 1.26 (d. J = 6.5 Hz, 3 H, CMe); 13 C NMR; D20; GalNAc-p-(1->4) residue: 100.36 (C-1), 51.43 (C-2), 69.79 
(C-3). 66.77 (C-4), 73.72 (C-5), 60.00 (C-6). 21.23 (Nac); Fuc-a-(1->3) residue: 97.49 (C-1). 67.83 (C-2). 68.24 (C-3). 
69.12 (C-4). 65.94 (C-5), 14.41 (C-6); GlcNAc-p-(1->6) residue: 99.76 (C-1). 53.97 (C-2). 74.44 (C-3), 73.87 (C-4), 
72.44 (C-5). 59.05 (C-6). 21.30 (NAc); Gal-p-(1-»3) residue: 103.46 (C-1), 68.22 (C-2). 76.22 (C-3), 66.42 (C-4). 73.81 
(C-5), 60.49 (C-6); NeuAc-cc-(2->3) residue: 174.05 (C-t), 98.75 <C-2). 38.82 (C-3), 67.16 (C-4), 50.73 (C-5). 71 .85 (C- 

ss 6). 67.40 (C-7). 70.86 (C-8), 61.59 (C-9). 21.12 (NAc); GalNAc-a-OMe residue: 97.21 (C-1), 47.46 (C-2). 74.71 (C-3), 
66.42 (C-4). 71.07 (C-5), 68.09 (C-6), 54.62 (OMe). 21.09 (NAc). ES-MS: m/z 1239.8 [M-1]- . 

Anal Calc. for C48H 80 N 4 O 3 3.1.5 H 2 0: C, 45.46; H, 6.60; N, 4.42. Found: C. 45.37; H. 6.62; N, 4.40. 
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Example 14 

[0046] Preparation of mgfhvl Q-f2-acetamklo-2<le o w-6-D^alac^ 

(?^rptam»do-2^eoxv-p-n-qiucopvranosvi^f 1 ^6) -o-f(3-o-suifo>fi-D-nalactoDvranosYl sodium sattH 1 ->3)-Ql-g-areta- 

5 mirio^Hdaoxva.D -n^prtnnvranoside fia. - Compound 18 (0.45 g, 0.29 mmol) in N.N<iimethylformamide (20 ml) was 
treated with sulfur trioxide-pyridine complex (0.25 g, 1.6 mmol) at 0°C for 5 h. Excess reagent was destroyed by the 
addition of methanol (-5 ml), followed by pyridine (~5 ml). The mixture was then concentrated under diminished pres- 
sure and the residue was passed through a small column of silica gel by using 15-20% methanol in dichtoromethane 
as the eluent. The fractions corresponding to product were pooled and concentrated and the residue taken in methanol- 

10 hydrazine hydrate (4:1 , 50 ml) and heated at -90 C for 5 h. The mixture was then concentrated and the crude product 
mixture was taken in methanol-triethylamine (2:1 , 25 ml), cooled (0'C) and treated with acetic anhydride (5 ml). It was 
allowed to gradually attain room temperature and kept for an additional 1 h at same temperature. The mixture was con- 
centrated, and the residue applied to a column of silica gel and eluted with chloroform-methanol -water 1 3:6:1 and 4:5:1 
(v/WV) Fractions corresponding to product were pooled and concentrated and the residue redissolved in water and 

is passed through a small column of Amberlite IR-1 20 (Na + ) cation exchange resin. Lyophilization of the eluate then fur- 
nished 19 (0.11 g. 37%). [aj 0 (fi 1.0, H 2 0); 'H NMR (D 2 0): 6 5.12 (d, J - 3.9 Hz, 1 H. H-0 ,477 (d J - 3. 7 Hz; 1 H, 
H-1) 4 57 (d J - 7 9 Hz. 1 H. H-1"), 4.54 (d, J « 8.3 Hz. 1 H. H-1~), 4.48 (d. J = 8.2 Hz. 1 H. H-1% 3.37 (s. 3 H. OMe). 
2 07 2 03 and 2 02 (each s. 9 H, 3 x NAc). and 1.27 (d. J =» 6.6 Hz, 3 H, CMe); 13 C NMR (D20); GalNAc-p-(1->4) res- 
idue-' 100 37 (C-1), 51.44 (C-2). 69.79 (C-3). 66.77 (C-4), 73.57 (C-5), 59.90 (C-6). 21.14 (NAc); Fuc-a-(1->3) residue: 

20 97 50 (C-1). 67.76 (C-2). 68.24 (C-3). 69.1 1 (C-4). 65.85 (C-5), 14.41 (C-6); GlcNAc-p-(1^6) residue: 99.76 (C-1). 
53 99 (C-2) 74 45 (C-3), 73.88 (C-4). 72.44 (C-5). 59.06 (C-6). 21 .31 (NAc); 3-0-S03Na Gal-p-(1 -*3) residue: 1 03.37 
(C-1) 68 21 (C-2). 79.29 (C-3), 66.42 (C-4). 73.73 (C-5). 60.48 (C-6); GalNAc-ct-OMe residue: 97.25 (C-1), 47.48 (C- 
2). 76.55 (C-3). 6&40 <C-4), 71.07 (C-5). 67.87 (C-6). 54.62 (OMe). 21.06 (NAc). ES-MS: m/z = 1028.38 [M-Na]- 

25 Anal Calc. for C37H 62 N 3 028-SNa. 2 HaO: C. 40.84; H. 6.11 ; N. 3.86. Found: C. 40.73; H. 6.15; N, 3.73. 
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Inhibition Studies Dat a 

Relative Inhibitory Properties of Branched Chains Including Neu5Ac and/or GalNAcLe* Against Recombinant Selectins 
Binding toTmmobilized SLe x 

5 

[0047] 

Fucal 

3 

10 GalNAc-4GlcNAcpl 

6 

R-3Galp 1 -3 GalNAca 1 -O-Me 

IC 50 Values 

(uM) Against SLe* 

20 



25 


Compound 


R 


E-Selectin ' 


P-Selectin 


L-Selectin 




14 


OH 


>500 


400 uM 


300 uM 


30 


16 


NeuSAc 


>500** 


85 uM 


105 \xM 




19 


3-SE 


>500uivl 


>500 


500 uM 


35 


8b 




>500 


400 


300 




sialyl Lewis* 




540 


520 


600 



[0048] ELISA inhibition studies were done as previously reported condtions. Icsq val ues against immobilized SLe* are 
the mean values of 3 determinations and were calculated according to published methodology. 
[0049] This dearly shows that compound 19 has about six times the binding ability of sialyl Lewis" for P-selectin. 
45 Other studies show even greater binding for compound 1 9. 

[0050] To the best of our knowledge, structures 1 4, 1 6 and 1 9 have not been reported to be part of any glycoproteins. 
Our findings are the first to clearly demonstrate the role of the NeuAc2->3Gal p1 -»3galNAc chain of core 2 structures 
in binding with L and P selectins. 
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Claims 

1 . A compound having the structure 

25 



30 



35 




40 



wherein R 1 is independently H. alkyl, aryi. aryl alkyl. alkenyi or one or more additional saccharide residues; 
45 R 2 = H or OH provided that when R 2 is H. R 3 is OH; 

R 3 = H or OH provided that when R 3 is H. R 2 is OH; 
X = H. S03 0rP0 4 ": 

Y is independently H. OH. OR 4 or NHCOR 4 . wherein R 4 is alkyl; 
Z is an organic acid residue; and 
so wherein the hydroxy groups in ring (a) can be independently at each occurrence be substituted with H or OR 5 

where R 5 is a methyl, ethyl or alkyl group. 

2. The compound of Claim 1 which is methyl 0-(2-acetamido-2-deoxy-p-D-galactopyranosyf)-(1-*4)-0-[(a-L-fucop- 
yranosyl)-(1->3)-0]-(2-acetamido-2-deoxy- p-D-glucopyranosyl)-(1->6)-O-KP-D-galactopyranosy0-(1-^)-OJ-2- 

55 acetamido-2-deoxy-a-D-galactopyranoside. 

3. The compound of Claim 1 which is methyl 0-(2-acetamido-2-deoxy-p-D-galactopyranosyl-(1 -*3)-0]-(2-acetamido- 
2-deoxy-p-D-glucopyranosylH 1 ^) 0-[(5-acetanr^ 
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actdH2^)0-(p-D-galactopyranosy1)-(1^ 

4. The compound of Claim 1 which is methyl 0-<2-acetamido-2-deoxy-p-D-galactop^ 

yranosyl-(1 ->3)-0]-(2-acetamido-2-deoxy-p-D-glucopyranosyl)-( 1 ->6)-0-[(3-0-sulfo-p-D-galactopyranosyl 
s sodium salt)-(1-^3)-0]*2-acetamido-2-deoxy-a-D-galactopyranoside. 

5. The compound of Claim 1 in a pharmaceutical carrier. 

6. The compound of Claim 2 in a pharmaceutical carrier. 

10 

7. The compound of Claim 3 in a pharmaceutical carrier. 

8. The compound of Claim 4 in a pharmaceutical carrier. 
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FIG 1 




NPhth 



1. Rl = OAc 

2. R1 = SPh 



-7 -O-^/^SR 



3. R1 = C6H5 
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a R = OAc 
12. R = SPh 



FIG. 3 
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Reaction Scheme HI cont. 
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(i) Lithium iodide - pyridine 

(ii) Methanol - hydrazine hydrate/ 00 1; 

(iii) MeOH -El 3N- AC2O 

(iv) NaOMe - MeOH 




FIG. 7 



BNSOOCIO: <EP 0919563A2 I > 



22 




BNSDOCID: <EP 091 9563 A2 I > 



23 



BNS Da> 



EP 0 919 563 A2 



Reaction Scheme IVcont. 




18. 



(i) SO 3 - pyridine- - 
N.N -DMF-Ot 

(ii) MeOH - Hydrazine hydrate 
(ffl) MeOH - Et 3N- AC2O 
(tv) NaOMe - MeOH 




19. 

FIG. 9 
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